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significantly increased in the post-training test.
run training programs produce differential effects on plasma
response to maximal exercise, and these responses may be linked to anaerobic metabolic

factors.
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The effects of different run training programs on
plasma responses of beta-endorphin, adrenocorticotropin
and cortisol to maximal treadmill exercise
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ABSTRACT

The purpose of this study was to examine the effects of ’;hfee different run

training programs on plasma responses of Beta-endorphin (ﬁéP) adrenocorticotropin
(ACTH) and cortisol to maximal treadmill exercise. - Subjects (n=30) were randomly
dssigned to one of three training groups: sprint in;gf"\'als (S1). endurance (E) or
combination (C). Training was monitored foi,,lo ‘weeks and maximal treadmil
exercise tests were administered pre- and post training. Blood samples were obtained
before, immediately after, and 5 and 15 min following the maximal exercise tests. All
groups significantly (p<0.05) increased maximal oxygen consumption values at 8 and
10 wk of the training period. _Significant exercise-induced increases in plasma @EP.
ACTH, cortisol and blood lactate were observed for both pre- and post-training tests.
The Si group demonstrated significant post-training increases in P—EP. ACTH, cortisol
and peak 5 min post-exercise blood lactate concentrations in response to maximal
exercise. No training-induced hormonal changes were observed for the E group. The
C group exhibited significant post-training decreases in plasma S-EP, ACTH and blood
lactate concentrations in response to maximal exercise, while resting and post-exercise
plasma cortisol measures were significantly increased in the post-training test. These
data suggest that different run training programs produce differential effects on plasma
B-EP, ACTH and cortisol in response to maximal exercise, and these responses may

be linked to anaerobic metabolic factors.

Key words: endogenous, opioid peptides. anaerobis. maximal oxygen consumption,

proopiomelanocortin blood lactate
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Previous studies have generally established that an acute bout of exercise
stimulates hormonal responses in the hypothalamic-pituitary-adrenal axis. A wide
range of studies have reported acute increases in plasma concentrations of Beta-
#ndorphin (B-EP), adrenocorticotropin (ACTH) or cortisol in response to high intensity
submaximal, maximal or supramaximal exercise (2-8, 10, 1423, 27-32). To date, these
studies have only examined acute exercise responses of either one or two of these
hormones.

Cross-sectional investigations have tried to discern possible adaptive changes in
these hormonal responses to exercise training. No differences have been demonstrated
between trained and untrained subjects for relative submaximal or maximal exercise
responses of plasma S-EP and ACTH (17, 31). However, lower hormonal responses to
exercise have been observed in trained subjects when evaluated in absolute terms of
oxygen consumption (31). Cross-sectional data from Farrell et al. (17) demonstrates
that endurance trained subjects produce significantly higher plasma concentrations of
P-EP and ACTH than untrained subjects in response to a treadmill exercise intensity
of 110% of \702max. They suggest that this may represent a possible adaptive
mechanism to extreme levels of exercise stress.

Longitudinal studies have provided conflicting results concerning training induced
alterations of these hormones. Carr et al. (4) have reported that endurance training
facilitates the exercise induced responses of S-EP and ACTH. In contrast. Buono et
al. (3) recently demonstrated a significant reduction in the ACTH response to an
absolute subhaximal exercise intensity following a 12 wk endurance training program.
Other studies have been unable to demonstrate any training related changes (8. 26).
To our knowledge. no study has examined plasma S-EP and ACTH and f:ortisol

maximal exercise responses to training. Due to the need for more longitudinal

training data, this study was undertaken. It was our hope that further insights
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regarding possible adaptive changes in the hypothalamic-pituitary-adrenal axis, due to
exercise training, might be realized. Thus. the primary objectives of this study were
to: 1) examine the acute exercise responses of plasma S-EP, ACTH and cortisol to

maximal exercise and 2. evaluate these maximal exercise-induced hormonal response

Patterns consequent to three different run training programs.

METHODS

Initially, thirty healthy active male and female volunteers were randomly assigned
(balanced gender design) to one of three training groups. Each subject gave informed
written consent to participate in the study. Subjects were not taking any medications
and had no history of any endocrine disorders. Due to attrition, there was an unequal
number of subjects in each group at the end of the training period. Subject .
characteristics were as follows (mean = 1 SD): sprint interval group (SI) [n=8]. age
26.5 = 5.0 yrs, height 172.8 = 7.6 cm. and weight 70.1 = 9.4 kg: endurance group
(E) [n=1d]. age 23.1 = 4.1 yrs, height 172.4 = 115 cm, and weight 68.1 = 13.6 kg:
combined group (C) [n=T7] age 21.9 = 3.1 yrs, height 167.0 = 9.9 cm, and weight
69.1 = 11.6 kg. No significant differences were observed between groups for these
physical characteristics.

A ten week training program was undertaken by each subject. All subjects were
familiarized with all training and monitoring procedures prior to the start of training.
All training sessions were individually monitored on a measured track and recorded.
The training programs used for each group were as follows: the S| group trained 3
days'week'1 and performed two sets of interval sprints separated by 5 min of rest.
Each set consisted of four 20 sec maximal interval sprint bouts of exercise with 1

min rest between intervals. Heart rates were monitored before and after each sprint

and mean exercise intensity after the second set was determined to be 185.25 = 3.1
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beatssmin™! which equated to 96.7% of their directly determined maximal heart rate:

the E group trained 3 daysoweek'1 and ran as far as they could in 30 min. Subjects
were encouraged to increase this distance over the training period. Heart rate was
again monitored before and after each run and the mean exercise intensity at 15 min
#nto run was determined to be 80.0 = 1.9% of their treadmill Vozmaxz the C group
trained 6 days-week'1 and performed the exercise protocols of the Sl and E groups
on alternate days. Heart rate determination during the exercise sessions showed that
the mean exercise intensities were 182.57 + 3.21 I>eat°min'1 which equated to 93.4 =
2.4% of their directly determined maximal heart rate and 79.7 = 4.7% of their
treadmill \702max for S| and E exercise sessions respectively. Exercise intensities are
reported from mid-exercise values to avoid any end of run training kicks which maj
inflate exercise intensities.

Prior to any testing. subjects were familiarized with all experimental procedures.
Each subj'ect performed an incremental \.IOzmax test on a motor driven treadmill (6).
Exercise intensities for these tests were pre-determined for each subject so that
volitional exhaustion occurred in the same amount of time (=5 min). after a 5 min
warm up at 40-50% of Vozmx. Thus, the time of the test over training and
between subjects was similar. This was considered important to help partial out
durational effects on hormonal responses to the incremental maximal treadmill exercise
test. Maximal oxygen consumption (VOzmax) was determined using an open circuit
semiautomated sampling system (35). Oxygen uptake was monitored every 30s during

the test. The \702max was determined according to criteria previously used (25. 33).

During the test heart rate was monitored via ECG.
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All testing was performed at identical times for each subject. Prior to the test

subjects refrained from food for 8 hr and exercise for 24 hr prior to the test. Blood
samples were obtained from a superficial sntecubital arm vein utilizing a syringe and
three way stop-cock fitted to an indwelling teflon cannula. Pre-exercise blood
’sampling occurred following a 20 min equilibration period. Immediate post-exercise
A {within the first minute] (IP) and 5 and 15 min post-exercise samples were also
) taken. Blood was collected and gently mixed in pre-cooled plastic syringes containing
an appropriate preservative (EDTA, 7.2 mg/5 ml whole blood). Blood to be used for
subsequent radioimmunoassay (RIA) was centrifuged at 2000 x g at 4°C for 15 min
and plasma was immediately frozen to - 80°C until analyzed with only one thaw .
E prior to analysis. Hemoglobin and hematocrit were determined in triplicate via a 5880
micro Coulter Counter. Whole blood lactate was measured in triplicate using a 23L-
l Lactate At'\alyzer (Yellow Springs Inc.). Plasma volume shifts were calculated from
the changes in hematocrit and hemoglobin (13).
Plasma S-EP. ACTH and cortisol were determined using RIA procedures. Ali
samples (run in duplicate) for each RIA were measured in the same assay to avoid

run to run assay variations. Furthermore, all sample identification was decoded only

® STAY 2 B , . st s

after analyses were completed (i.e. blinded analysis procedure). Determinations of
different plasma immunoreactivity values were accomplished with the use of a
Beckm_an 5500 gamma counter and on-line data reduction system. The RIA used for
plasma S-EP has been previously described in detail (28). Cross-reactivity with Beta-
lipotropin is less than 5%. The intra-assay coefficient of variation was less than

: 3.9%. Plasma ACTH was measured by a double antibody RIA (Diagnostic Products
Corp.. Los Angeles, CA). sensitive to 1.54 pmoleL~l. Intra-assay coefficient of

variation was less than 4.2%. Plasma cortisol was measured using a solid phase RIA

(Diagnostic Products Corp..Los Angeles, CA) and was sensitive to 8.28 nmoteL 1. |

The intra-assay coefficient of variation was less than 3.8%. |




Statistical evaluation of the data was accomplished using a three-way analysis of

variance (ANOVA) with repeated measures or 3x2 ANOVA (groups x pre-post) where
appropriate. Subsequent Tukey post-hoc tests were utilized to determine pair-wise
differences. Statistical significance was chosen as p<0.05.

KRESULTS

Table 1 presents the effects of the three different training programs on \702max
values. Pre-training values were not significantly different among groups. All three
groups significantly increased \'Iozmax above pre-training values at 8 and 10 wks, and
there were no significant group differences at these measurement time points. Also,
no significant differences were observed for total treadmill test time between tests or
groups.

The pre-and post-training plasma S-EP responses to maximal, treadmill exercise
are presented in Figure 1. All three training groups demonstrated significant exercise-
induced elevations in plasma concentrations of B-EP at all three recovery time points
both pre-and post-training. Significant increases pre- to post-training were observed at
IP and 5 min post-exercises for the S| group. No training-induced hormonal changes
were observed for the E group. The C group demonstrated a significant pre- to post-
training decrease at 5 min post-exercise.

Figuie 2 shows the pre- and post-training plasma ACTH responses to maximal,
treadmill exercise. Again. all three groups experienced significant exercise-induced
increases in plasma ACTH at a!! three post-exercise time points, both pre- and post-
training. The S| group showed significant pre-to post-training increases at the P
timepoint. The E group failed to demonstrate any training-induced hormonal

changes. The C group demonstrated a significant pre- to post-training decrease IP

exercise.
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The pre- to post-training plasma cortisol responses to maximal treadmill exercise
are presernt.d in Figure 3. Significant pre-training exercise-induced elevations in
plasma cortisol concentrations were observed at 5 and 15 min post-exercise for the Sli
group and at 15 min post-exercise in the post-training tests. Pre- to post-training
thanges were observed for the S| group at the pre- and 5 min post-exercise
measurement time points. Exercise-induced increases were observed at 15 min post-
exercise during both pre- and post-training testing but no training related changes
were observed for the E group. The C group followed a pattern similar to the Si
group. with exercise-induced increases occurring post-exercise, at 5 and 15 min during
pre-training tests and at IP, 5 and 15 min post-exercise during post-training tests. -
Training-induced increases were aiso demonstrated at the pre-exercise and IP
measurement timepoint for the C group.

Blood lactate responses 5 min following maximal treadmill exercise are shown in
Figure 4. " All three groups demonstrated significant increases at 5 min post-exercise,
during both pre- and post-training testing. Post-training, the S| group demonstrated a
significant increase in blood lactate concentration 5 min post-exercise. No changes in
5 min post-exercise blood factate responses were observed for the E group pre- to
post-training. The C group demonstrated a significant decrease pre- to post-training
for 5 min post-exercise blood lactate concentrations.

No differences were observed between pre- and post-training tests for the
percentage change in plasma volume. The values for pre- and post-training
respectively, were (mean = SD): Sl = (-9.13 = 3.41% and -8.92 £+ 542%). E =
(-10.11 £ 3.92% and -9.52 = 5.1%). C = (-10.12 + 4.21% and -9.87 = 4.92%).
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DISCUSSION

The primary finding in this study was that each training program resulted in a
somewhat different plasma hormonal response pattern to maximal exercise. To our
knowledge this is the first investigation to demonstrate differential training effects on
splasma concentrations of S-EP, ACTH and cortisol. A greater understanding of the
exercise-induced modulation of these peptides is important in attempting to define
their exact physiological functions.

Higher intensity exercise (i.e, >70% of Vozmax) has been typically shown to
cause acute elevations of S-EP, ACTH and cortisol (2.5.8.15.17.21,34). Consistent with
previous studies, all three groups in the present study exhibited acute increases in -
response to maximal treadmill exercise during both pre- and post-training tests.
Furthermore, because exercise duration was the same during pre- and post-training
testing. the effect of time on hormonal response patterns was controlled. Exercise
time, independent of intensity, is known to influence the response of several hormons
in the hypothalamic-pituitary-adrenal axis (21.34). The exact mechanism(s) responsible
for these exercise-induced peptide increases remains unknown, but the increases
observed were greater than could be explained by plasma volume shifts.

The 10 wk training programs utilized by the S| and E groups each resuited in
significant increases in \‘IOzmax values, however the hormonal response patterns
following training were different. Training specificity may be important in influencing
hormone responses (21). In this regard. Farrell et al. (15) have suggested a possible
anaerobic influence upon the release of peptides from the proopiomelanocortin (POMC)
precursor. In this study. the S| exercise sessions caused significant elevations in

blood lactic acid concentrations (10.6 = 0.7 mmo|°l.'1). Furthermore, the SI group

post-training tests demonstrated significantly higher post-exercise increases in blood
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“. : lactic acid levels compared to pre-training values. This was concomitant with the
::-.j:f post-exercise increases in S-EP, ACTH and cortisol in the post-training tests for these
}\ subjects. Conversely, the E group observed no changes in the 5 min post-exercise
3 blood lactic acid concentrations, nor any alterations in plasma S-EP. ACTH or

\ jﬁ'j ortisol, with training. Recently, Buono et al. (3) reported a blunted ACTH response
".3:'-3 to absolute submaximal exercise following endurance training. Our results support

‘ Farrell et al. (17) and clearly demonstrated that a blunting mechanism is not

« operational during maximal exercise following endurance training. On the other hand,
-EE\ our data support the hypothesis that a program of aerobic exercise training. which
!’:‘ also includes a substantial anaerobic component, may influence S-EP., ACTH and
"?;E:'_ cortisol release mechanisms in response to maximal exercise.

.».\‘_’ The C group utilized both modes of exercise (i.e. sprint intervals and endurance
e

running) in their training program. An increase in \'IOzmax occurred following training

_-f,- along with a significant decrease in 5 min post-exercise blood lactic acid values in

E:jZ:: response to the maximal exercise. S-EP and ACTH also demonstrated training-

"' induced decreases following maximal exercise, while cortisol increases were observed.
::T:;; The mechanisms explaining these responses remain speculative. However, reductions
-

ol in blood lactic acid accumulation have been linked to chronic depletion of muscle

L
'; 2 glycogen stores (9.18). and fasting has been shown to increase resting and exercise
, plasma cortisol responses (22). Thus. one might speculate that the observed
o increases in exercise-induced cortisol production concomitant with decreases in maximal
-

;“ blood lactic acid levels, could have been a result of an altered nutritive state of the

o . . .

::;_'_‘ muscle following training in the C group.
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Due to the training intensity and frequency undertaken by the C group. it appears
plausible that some degree of overtraining may have been present and, therefore,
partially contributed to the hormonal responses observed (34). A previous study has
demonstrated the plasma testosterone and cortisol and testosterone/cortisol ratios are
Rignificantly altered during intense training and these changes may indicate an
"overtrained” state (1). The reductions observed in S-EP and ACTH in this study
may indicate an overtrained state, and supports the need for future studies to
examine this hypothesis.

In summary, this study examined the effects of three different run training

programs on plasma O-EP. ACTH and cortisol release patterns in response to maxirtnal

treadmill exercise. Our data suggests that these training programs had differential
effects on these hormonal release patterns and support the hypothesis that anaerobic
factors may influence S-EP and ACTH release. Furthermore, mechanisms related to
possible o(:ertrainink influences may have contributed to the training-induced hormonal

reductions oberserved in the C group.
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Figure 1. Responses of Plasma Beta-endorphin to maximal exercise for three
2 different run training programs. + = p<0.05 from corresponding resting
a value, * = p <0.05 from corresponding pre-training value.
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Figure 2. Responses of plasma adrenocorticotropin to maximal exercise for three
different run training programs. + = p<0.05 from corresponding resting
value, * = p<0.05 from corresponding pre-training value.
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Figure 3. Responses of plasma cortisol to maximal exercise for three different run
training programs. + = p<0.05 from corresponding resting value, * =
p<0.05 from corresponding pre-training values. -
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Figure 4.  Responses of whole blood lactate to maximal exercise for three different
run training programs. = p<0.05 from corresponding resting value, ©
= p<0.05 from corrresponding pre-training value.

Ll LA A I S
.

Nt

»

AR AN e




G3NISNOD JONVHUNAN3 TVAH3LNI LNIHdS

AH3A0D3Y AH3A003Y AY3IA0J3Y
] NIN S X3-34d NIN S X3-34d NIN § X3-3Yd

- R

B RRRRRRERR |
H
b
>

: N 8

1

4 O

i o

, : : L'a
. m -

; : 19 =4
| >

. : iw
3 p |Ol
°

r

ONINIVHL %L oL
1S0d
+ 4k
ONINIVHL
3Yd L

o+ i

+

. 14}

B

o

»

o

W

o & o .ﬁ....n.-\.ﬂn e 1T 2. ¥ % 5y 1= a_ v w “ v e . R—
1] Ay > -, A <0 1,0 - S R A AT U * e 17 Cata IR R R
» Ofb o} M. W '-{ e I 0 oy huw. -tvl.._-...f. - ..(.-... ~.“.. I [ ] ALV ..-- e




B e B2 Pl d kit odnitvindel vinduitingah il . bl dneslmad il ;e S e Rhe B T o BAn i As BT L R\ Bt L CE o S 37l

=y
L]
e
.
[ ]

[y
» "n

PATIIS

2

e EEE o
‘77‘15'71

ACKNOWLEDGEMENTS

The authors would like to thank Dora Ward for her patient preparation
of this manuscript. Special thanks to a dedicated group of subjects who
made this project possible.

PN o d
L

by v
LAY

f

2
v

8
ALY

J. I. l'
‘l'l
LN

x
]

CnnLnt,
PLPLL P
L

"

1,5

¥
[Ty
1

"- ‘l‘y' .ﬂ:.‘l 5-4 ®
L AR

Alrlr
s
ol

g

AL @i shh Y
'@ AR A
A

L)

ll .. .l

.
0
o L e

i v v N PR S G )
VXA SRR

.,‘.
L

é,“‘ A

* W - Gl ] f . K4 . o ‘ot "o "I
LIC AT ‘e “ar
: & -‘.-‘n‘.- A ‘\..‘. ;F ).

P

; B I T s » ¥
W '3-"‘ "o ":}.‘:."‘-",'\\ ST ', “-5*\-.',‘-\.'\\»\'\\1"? ( LRGN
A & D - A ! L ¢’ ' s ) » p e} 3 - 4 ol »

‘.

b
b

W W my T P Ay
fk L 'I“I"{‘-‘.‘ -

LY

e
YRy
L

e
" .




«|;'l' R i D bipaionlondiAbmefis b Nt e —— e — T

ST AN VR

=
Y
;s

L

A

L

‘l- & ‘l &:l, "“
XN

)

) Disclaimers

X
ot The views, opinions, and or findings contained in this report are those of the
&

o author(s) and should not be construed as any official Department of the Army

position, policy or decision unless so designated by other official documentation.

Ny

B ’ =
S

-
)
l'l'!‘.

>

e STragy
v s .' " :
L

v

- o

P4 Pl s
LI,

b

A \:’
e

&
" S

a2 @ e,
hE S AN A

<
'

ST

)

Xy
. @

A

&

e e e e
-

L
-~

=N

-
b o

¥ § AT e T e I T oty T e R e L e Tt o et D Bl il B Fop e 0y YO % )
ADGY) PO AU MY o o ey > : o R T N AN, )
1 M R G R e e A S R G L S ARGttt OSSR I N KN T KR K RN

MY,




Rn3s HUMAN RESEARCH

:
F 2?{

4

s

‘- Human subjects participated in these studies after giving their free and informed

L n doluntary consent. Investigators adhered to AR 70-25 and USAMRDC Regulation 70-
{" \5 25 on Use of Volunteers in Research.

':: ) The views. opinions, and/or findings contained in this report are those of the

author(s) and should not be construed as an official Department of the Army position,

---,
P
Uil
1]

.
o

o 2% M
'

policy. or decision. unless so designated by other official documentation.

WS

>
o

o

e,
~ '.'.l.’\.‘ Ly &

. .“‘o‘ 1 'A.’,‘

A r'."'.' -
[\CRLAENTNEN

50

P NN
U'-!’"

@l rrrlS
S D N,
.

R

AL S AL NS
P AL A

cw

I
4
L]

)

YN0
PN

¢

@
A ik

..'::"\ *

- -

s g &

——

.l ey ey iy e e W ) .y
A ", ¥ P W " WA R RS W e W W P »

e - .\
Ay 'l o > % L™ %o 7, > X P " 2an » gy n
2t .“9"‘ A a"‘!"‘i""" e i “!’l‘-' !’l q‘l‘-.‘.!‘\l‘:".».l .A.'a‘.n‘t. Ll 2N l"'l :"‘:"‘,:':‘:::‘u l‘q.l"...b.n.i L L) ,l“J‘;’;"‘R"" ':“' W .I‘:‘.I".l ) \* !l"




